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1
ENHANCING ENTERPRISE SERVICE
DESIGN KNOWLEDGE USING
ONTOLOGY-BASED CLUSTERING

BACKGROUND

Enterprise services (ES) provide programmatic access to
an immense, and already existing, pool of business data and
functionality provided by large enterprise applications.
Example enterprise applications include Enterprise Resource
Planning (ERP) and Customer Relationship Management
(CRM) applications. The reuse of ES enables rapid, agile and
cost-effective development of composite applications. ES can
represent highly-integrated web services that access defined
business data and logic of existing business processes. As
such, they differ significantly in quantity and complexity
from regular Web Services (e.g. advertising application pro-
gram interfaces (APIs)) due to applied governance and sus-
tainability constraints.

Searching a repository of ES can be difficult due to the
syntactical nature of service definitions and missing meaning
that is required to successfully find ES. In some cases, ES are
more intricate as a result of the complexity of business pro-
cess and application functionality that they represent. Conse-
quently, traditional ES discovery targets developers that have
the required technical skills to understand service definitions.
In contrast, business users have detailed knowledge of busi-
ness processes, but no or little technical background. Given
that ESs are defined at a business level based on existing
business requirements, business users naturally qualify as
users that would search for ESs.

SUMMARY

Implementations of the present disclosure include com-
puter-implemented methods for extending a knowledge base.
In some implementations, methods include receiving an
enterprise service signature (ESS) associated with an enter-
prise service (ES), the ESS being stored in a computer-read-
able repository, segmenting the ESS to provide a segmented
ESS, identifying one or more unknown terms from the seg-
mented ESS, determining that at least one unknown term of
the one or more unknown terms includes at least one of a
specialization and a new entity, and extending the knowledge
base in view of the at least one of the specialization and the
new entity.

In some implementations, determining that the at least one
unknown term comprises at least one of a specialization and
a new entity includes: determining one or more relationship
measures associated with the at least one unknown term, and
identifying the at least one unknown term as a specialization
or a new entity.

In some implementations, the relationship measures
include a cohesion value and a correlation value.

In some implementations, the relationship measures are
each determined based on known terms associated with one
or more other ESSs.

In some implementations, identifying the at least one
unknown term as a specialization or a new entity includes:
combining the cohesion value and the correlation value into a
single score based on a ranking function, and comparing the
single score to one or more threshold scores, wherein whether
the at least one unknown term is a specialization or a new
entity is based on the comparing.
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In some implementations, combining the cohesion value
and the correlation value into a single score is further based on
a kernel function, the kernel function providing an approxi-
mation of ranking behavior.

In some implementations, extending the knowledge base
includes appending one or more nodes to a metadata graph
associated with the ES.

In some implementations, extending the knowledge base
includes automatically generating an automata based on the
at least one unknown term, the automata representing a nam-
ing convention of an ES.

In some implementations, the at least one unknown term is
a specialization and automatically generating the automata
includes appending a new transition to a pre-defined
automata.

In some implementations, the new transition is appended to
be parallel to an existing transition provided in the pre-de-
fined automata.

In some implementations, the at least one unknown term is
a new entity and automatically generating the automata
includes appending a new state and one or more associated
transitions to a pre-defined automata.

In some implementations, the new state is appended to be
serial to one or more existing states provided in the pre-
defined automata.

The present disclosure also provides a computer-readable
storage medium coupled to one or more processors and hav-
ing instructions stored thereon which, when executed by the
one or more processors, cause the one or more processors to
perform operations in accordance with implementations of
the methods provided herein.

The present disclosure further provides a system for imple-
menting the methods provided herein. The system includes
one or more processors, and a computer-readable storage
medium coupled to the one or more processors having
instructions stored thereon which, when executed by the one
or more processors, cause the one or more processors to
perform operations in accordance with implementations of
the methods provided herein.

It is appreciated that methods in accordance with the
present disclosure can include any combination of the aspects
and features described herein. That is, methods in accordance
with the present disclosure are not limited to the combina-
tions of aspects and features specifically described herein, but
also include any combination of the aspects and features
provided.

The details of one or more implementations of the present
disclosure are set forth in the accompanying drawings and the
description below. Other features and advantages of the
present disclosure will be apparent from the description and
drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 depicts interactions between example components
in accordance with implementations of the present disclo-
sure.

FIG. 2A depicts an example enterprise service signature
(ESS).

FIG. 2B depicts an example metadata graph associated
with an enterprise service corresponding to the example ESS
of FIG. 2A.

FIG. 3 depicts an example ESS that includes terms not
contained in the example metadata graph of FIG. 2B.

FIG. 4 depicts an example segmentation of the example
ESS of FIG. 3.
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FIG. 5 depicts the example metadata graph of FIG. 2B
including example extensions.

FIG. 6 depicts an example automata based on the example
ESS of FIG. 2A.

FIG. 7 depicts the example automata of FIG. 6 including
extensions based on the example ESS of FIG. 3.

FIG. 8 depicts an example process that can be executed in
implementations of the present disclosure.

FIG. 9 is a schematic illustration of example computer
systems that can be used to execute implementations of the
present disclosure.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

Implementations of the present disclosure are generally
directed to extending a knowledge base of entities and auto-
matically generating automata that represent naming conven-
tions of entities. In some examples, enterprise services (ESs)
associated with respective enterprise service signatures
(ESSs) incorporate entities. In some examples, entities
include terms that are provided in an ESS. In some examples,
extension of the knowledge base and automatic generation of
automata is based on one or more unknown terms provided in
an ESS. More particularly, implementations are directed to
improving the detection of existing, related or new entities to
facilitate the creation of a precise and complete knowledge
base. In some implementations, complete entities are
matched with known entities and clustering techniques are
used to identify one or more of a new entity and a specializa-
tion of an existing entity. The knowledge base can be
extended to include the new entity and/or the specialization
and the automata can be automatically generated to include
the new entity and/or the specialization. In this manner, the
precision of ES search, which can be executed using the
knowledge base and the automata, can be improved.

In some implementations, a hybrid approach is provided
for entity recognition and knowledge learning based on ontol-
ogy-based clustering. In particular, implementations of the
present disclosure improve the accuracy of ES search results
by extending a knowledge base and generating automata in a
mainly unsupervised fashion. In some implementations, a
clustering technique based on ranking is provided and a deci-
sion function is used to identify unknown terms as indepen-
dent entities or specializations of known entities, which can
be added to the knowledge base.

In some examples, an ES is a callable entity that provides
business functionality and is published in an enterprise ser-
vices repository (ESR). ESs are structured according to a
harmonized enterprise model based on process components,
and business objects, among others. In some implementa-
tions, ESs are well documented, safeguard quality and stabil-
ity and are based on open standards. An ES can be developed
in accordance with a governance process, the development
providing one or more artifacts, discussed in further detail
below. An example governance process includes mandatory
modeling and implementation guidelines for each new ES
development, a special review process having a plurality of
quality gates, and regularly executed manual and automated
tests for each service operation to safeguard functional cor-
rectness.

In some implementations, ES development can follow a
top-down approach beginning with the identification of busi-
ness requirements down to the definition of the service struc-
ture. This stands in contrast to a bottom-up approach, which
exposes application program interfaces (APIs) of existing
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ESs as web services. As a consequence, ESs can be based on
description models, guidelines and in-house conventions to
ensure governance compliance. ES developers are given
documents that define this information. These documents are
referred to as artifacts. In some implementations, artifacts can
be explicitly manifested as documents and/or can be implic-
itly manifested in the form of existing knowledge residing
within developers. These artifacts are recurrently applied dur-
ing the ES development process.

In some implementations, an ESS can be associated with
each ES. More particularly, an ES is a callable service that
includes a name or identifier. The name/identifier of the ES is
represented by the associated ESS. In other words, an ESS is
a name/identifier associated with a particular ES. Each ESS
can be provided as a concatenation of terms representing
levels of a graph associated with the ES. As used herein, the
term entity is one or more terms that are contained in an
enterprise signature. An example ESS can be provided as
“EmployeeERPCreateRequestConfirmation,” where an
example entity includes the term “Employee.” In general,
ESSs represent technical names that are used to unambigu-
ously identify respective ESs. For example, the ESS can be
used as the search criteria, ifknow to a searching user, to make
service retrieval more precise.

In some implementations, graphs associated with ESs can
be provided in a knowledge base (e.g., a datastore). In some
examples, and as discussed in further detail below, a graph
can be provided as a hierarchical graph that represents rela-
tionships between terms associated with an ES. In some
examples, the knowledge base is provided as a resource
description framework (RDF) data store.

In some implementations, an ES can be represented using
a graph having associated metadata. In some examples, a
graph can be provided as a taxonomic scheme. An example
taxonomic scheme can include a software component (SC)
node, a deployment unit (DU) node, a process component
(PC) node, a communication pattern (CP) node, a direction
pattern (DP) node, a business object (BO)node and abusiness
object node (BON) node. In some examples, the business
object node (BON) describes parts of the business object that
the BON belongs to. As such, the BON can be seen as a
property or attribute of the business object. For example, the
business object “Sales Order” includes one or more BONGs,
such as “Item,” which is an item that has been purchased as
part of the particular sales order. A deployment unit groups
process components that interact with each other and that are
to be installed together on a system. Deployment units show
the type of interactions between process components within
the deployment unit. A process component enables gover-
nance and understanding the business semantics of ESs in a
business process platform.

As noted above, implementations of the present disclosure
are directed to entity detection from ESSs, improving the
detection of existing, related or new entities to facilitate the
creation of a precise and complete knowledge base. Imple-
mentations are based on a hybrid solution including an ontol-
ogy-driven approach to match complete entities and cluster-
ing techniques to approximate specializations and new
entities. In some examples, clustering techniques are based
on cohesion and correlation data, which indicate how many
times one or more terms are used with the same entity (cohe-
sion) or other entities (correlation). The hybrid approach is
further used to automatically populate a knowledge base and
to generate the corresponding automaton, improving the pre-
cision and the recall of ES search results.

FIG. 1 depicts interactions between example components
in accordance with implementations of the present disclo-
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sure. In the depicted example, the components include a
signature segmentation component 102, a term clustering
component 104, a knowledge base learning component 106,
an automata generation component 108, an ES repository 110
and a knowledge base (KB) 112. In some examples, compo-
nents can be provided as one or more computer programs that
are executable using one or more processors. In some
examples, components can be provided as one or more com-
puter-readable storage devices. Each of the example compo-
nents is discussed in further detail below.

In some implementations, the signature segmentation
component 102 performs signature segmentation, discussed
in further detail below, to segment terms provided in an ESS
(also referred to as sig). In some examples, the signature
segmentation component 102 receives an ESS from the ES
repository 110. In some examples, and as discussed in further
detail herein, the signature segmentation component 102
splits the ESS into an array of individual terms to identify one
or more known terms and one or more unknown terms. In
some implementations, the term clustering component 104
can execute term clustering, discussed in further detail below.
In some examples, the term clustering component 104 deter-
mines relationship measures between unknown terms (pro-
vided from the signature segmentation component 102) and
already matched entities in an ESS.

In some implementations, the knowledge learning compo-
nent 106 performs knowledge learning, discussed in further
detail below, to identify unknown terms as corresponding to
new entities and/or specializations based on the relationship
measures. In some examples, the knowledge learning com-
ponent 106 can interact with the KB 112 to update a graph
associated with the ES in view of unknown terms being new
entities and/or specializations. In some implementations, the
automata generation component 108 performs automata gen-
eration, discussed in further detail herein. In some examples,
the automata generation component 108 generates an
automata corresponding to the ESS in view of unknown terms
being new entities and/or specializations. The automata gen-
eration component 108 can interact with the KB 112 to store
the generated automata therein.

Implementations of the present disclosure are discussed in
further detail below with reference to an example ES and an
example ESS. It is appreciated, however, that implementa-
tions of the present disclosure are readily applicable in other
contexts.

Referring now to FIGS. 2A and 2B, an example ESS 200
and an associated metadata graph 250 are respectively
depicted. The ESS 200 is provided as a known ESS that
includes a plurality of concatenated terms. The terms include:
“Employee” 202, “Payment™ 204, “Notification” 206, “Que-
ryResponse” 208 and “_In” 210. In the depicted example,
each of the terms is provided as a known term and can be
identified in view of a taxonomic scheme, such as the example
taxonomic scheme discussed above. For example, the term
“Employee” 202 can be identified as a BO, the terms ‘“Pay-
ment” 204 and “Notification” 206 can be identified as BONs,
the term “QueryResponse” 208 can be identified as a CP and
the term “_In” 210 can be identified as a DP.

FIG. 2B depicts the example metadata graph 250 associ-
ated with an ES corresponding to the example ESS 200 of
FIG. 2A. Example metadata can include ERP metadata 252,
Sales Order Processing metadata 254, Employee metadata
256, Sales Order metadata 258, Notification metadata 260,
and Payment metadata 262. In the depicted example, the
metadata graph 250 is provided in a hierarchical tree struc-
ture, in which the ERP metadata 252 represents a root node,
and the other metadata are children nodes. In particular, the
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ERP metadata 252 is provided as the parent node to the Sales
Order Processing metadata 254 and other, unspecified meta-
data. The Sales Order Processing metadata 254 is provided as
the parent node to the Employee metadata 256 and the Sales
Order metadata 258. The Sales Order metadata 258 is pro-
vided as the parent node to the Notification metadata 260. The
Payment metadata 262 is provided as a child node of other,
unspecified metadata (264 and/or 266).

In some implementations, an ESS can be provided that
includes one or more unknown terms. In some examples, the
one or more unknown terms can include terms that cannot be
associated with nodes of the taxonomic scheme. FIG. 3
depicts an example ESS 300 that parallels the ESS 200 of
FIG. 2A, but includes unknown terms. More particularly, the
ESS 300 includes the terms: “Reporting” 302, “Employee”
304, “Payment” 306, “Bulk” 308, “Notification” 310, “Que-
ryResponse” 312 and “_In” 314. The terms “Employee” 304,
“Payment” 306, “Notification” 310, “QueryResponse” 312
and “_In” 314 are known terms and can be associated with
nodes of the taxonomic scheme (e.g., as discussed above with
reference to FIG. 2A). For example, the term “Employee” 304
is identified as a BO, the terms “Payment™ 306 and “Notifi-
cation” 310 are BONs, the term “QueryResponse”312is aCP
and the term “_In” 314 is a DP. The terms “Reporting” 302
and “Bulk” 308 are unknown terms.

As discussed in further detail herein, and using the example
ESSs 200, 300 of FIGS. 2A and 3, respectively, and the
example metadata graph 250 of FIG. 2B as non-limiting
examples, implementations of knowledge base expansion
and automata generation will be discussed in further detail.

Referring now to FIG. 4, an ESS, such as the ESS 300, can
be received and can include a pre-defined notation. In some
examples, ESSs can be provided in camel case notation,
where the ESS is provided as a series of terms that are joined
together, each term beginning with a capitalized letter. The
ESS is segmented to identify individual terms (e.g., using the
signature segmentation component 102). For example, the
ESS is split into an array of single terms based on the camel
case notation. In some examples, subsequent sequences of
terms are checked (e.g., against entities provided in the KB
112) to find exact term matches. In some examples, the recur-
sion can return multiple combinations of detected entities for
each signature. In such instances, the combination that covers
most of the ESS and that has a maximum number of matched
entities is selected for further processing. Accordingly, a seg-
mented ESS is provided, which includes one or more terms
that represent matched entities (i.e., known terms) and one or
more unknown terms. In some examples, the segmented ESS
can be considered as a pre-clustering to determine one or
more terms that belong together and which form their own
cluster as defined by the ontology.

FIG. 4 depicts an example segmentation 400 of the
example ESS 300 of FIG. 3. As discussed above, with refer-
enceto FIG. 3, the terms “Reporting” 302 and “Bulk” 308 are
determined to be unknown terms in view of the information
provided in the knowledge base (e.g., the KB 112). As dis-
cussed in further detail herein, the unknown terms can be
further processed to determine whether each defines a new
entity 402 or a specialization 404 of an existing entity.

In some implementations, term clustering is executed (e.g.,
by the term clustering component 104) to determine the rela-
tionship between unknown terms and already matched enti-
ties in an ESS. As discussed in further detail herein, term
clustering includes the calculation of relationship measures.
In some examples, the relationship measures include cohe-
sion values and correlation values between unknown terms
and matched entities. As discussed in further detail herein,
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cohesion and correlation can be used by a ranking function to
determine whether an unknown term is a specialization of an
existing entity or a completely new entity, or whether no
determination can be made.

In accordance with implementations of the present disclo-
sure, the cohesion and correlation values of an unknown term
t are determined using the overall occurrence of the term t in
acorpus of ESSs (e.g., provided in the ES repository 110). For
each term t, the overall occurrence of distinct neighboring
entities (preceding and succeeding t), denoted as C(t), in the
corpus of ESSs can be determined. With regard to neighbor-
ing entities C_(t)={c,, . . . , ¢,} denotes the set of distinct
entities preceding t and C_(t)={c,, . . ., ¢,,} represents the set
of distinct entities succeeding t, while C(t)=C.(H)U C_(t)
define all neighboring entities.

Example determination of cohesion and correlation values
for a term t with entities ceC will be described in detail. The
cohesion w_,,(t,c) between a term t and an entity ¢ describes
the number of ESSs with pairwise occurrence of t and ¢
compared to all ESSs with occurrences oft. In some imple-
mentations the corresponding cohesion value can vary
between 0 and 1 (i.e., w_,€[0,1]). In some examples, the
cohesion value describes the ratio of term t appearing with
entity ¢ and can be defined based on the following example
relationship:

[z, ¢}  sig}l

Weon(l, €) = [resigll

In some examples, a maximum cohesion w__,=1 indicates
that term t has an exclusive relationship to entity ¢ (i.e., that
the term t is exclusively associated with the entity ¢ in the
corpus of ESSs). In some examples, using only cohesion to
determine whether a term is a specialization or a new entity is
not sufficient, because cohesion uses all signatures that con-
tain a term t without considering the context of neighboring
entities. For example a term may be contained in numerous
signatures but with varying occurrences of distinct neighbor-
ing entities. As such, a term might have a strong dependency
to other clusters, which is expressed by the correlation value.

In some implementations, the correlation w_,(t,c)
between a term t and an entity ¢ describes the ratio of the
number of distinct entities appearing with a particular term t
compared to all ESSs containing that term t. The correspond-
ing value is w_,,€[0,1]. The successors can be differentiated
from predecessors by considering successive correlations of a
term t whenever the cohesion of a term t to an entity ¢ is
successive. In a similar manner preceding correlations can be
identified. The correlation can be defined based on the fol-
lowing example relationship:

lc.ol

——if C

oy ) TSI neet
Weorlt, €) =

1601 & cc

iesigh g

Calculation of example cohesion and correlation values
will be described. The example calculation includes the
unknown term “Reporting” (see FIGS. 3 and 4). For example,
aplurality of ESSs within the corpus of ESSs can include the
term t=Reporting. Example ESSs can include:
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Reportingl.inePeerSimpleByEm-
ployeeQueryResponse_In

Reportingl.ineManagerSimple-
ByEmployeeQueryResponse_In

InternalControllssueSimpleBy-
ReportinglLineUnitQueryResponse_In

ReportingEmployeeByEmployeeQueryResponse_In

Based on the example ESSs, example matched neighbor-
ing entities can be determined and can include:
C_(={c,}={By} and C.(t)={c,, c;}={Line, Employee}.
Using the definition of cohesion and correlation, example
occurrences of term t can be determined as:

Occurrences of term t=Reporting: |{tesig}|=4

Occurrences of term t=Reporting and entity c;=
Employee: I{t, csesig}l=1
Occurrences of term t=Reporting with distinct

successors: |C_(1)|1=2

Occurrences of term t=Reporting with distinct predeces-
sors: C_(t)=1

Using the example occurrences of term t, example cohe-
sion w__, and correlation w__, values can be provided as:

Woon(t,c3)=w 5 (Reporting, Employee)=1/4

W, on(t c2€C>)=w,__ (Reporting, Employee)=2/4

cor

The cohesion and correlation between terms and entities
term provide a measure of the relationship therebetween. In
some examples, the strength of cohesion and correlation are
inversely proportional. For example, a strong cohesion (e.g.,
signatures containing the same term and entity) typically
implies a weak correlation (e.g., few signatures contain the
same term but distinct entities) and vice versa. In ambiguous
cases, cohesion and correlation can be balanced (e.g., the
number of signatures containing the same term and entity is
similar to the number of signatures containing the same term
and distinct entities).

The determined cohesion and correlation values can be
used for knowledge learning (e.g., used by the knowledge
learning component 106). For example, knowledge learning
functionality can be executed (e.g., by the knowledge learn-
ing component 106) to make decisions about unknown terms
based on the strength of cohesion and correlation between
terms and entities. In some examples, an unknown term can
be intuitively identified as a new entity if it is represented by
a low cohesion and high correlation. In some examples, an
unknown term can be intuitively identified as a specialization
if it has a high cohesion but low correlation. In some
examples, an unknown term cannot be identified as either a
new entity or a specialization.

In some implementations, a ranking function can be used to
combine cohesion and correlation values into a single score to
identify an unknown term as a new entity or a specialization.
In some examples, various ranking functions ¢ can be used. In
some examples, each ranking function is based on a kernel
function £, that provides an approximation of the ranking
behavior. For example, a kernel function £ (x) can show a
non-linear function that diverges to min and max values for
parameter values close to 0 and 1. An example kernel function
can be provided as:

1
k(x) = 3 +
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In some examples, if the kernel function does not plateau
around parameters close to 0.5, the kernel function is not ideal
because it does not allow pruning of close-to mean values.

Based on the kernel function £ (), a ranking function ¢(t,
¢) can be provided in view of the cohesion and correlation
values for the term t and the entity c. An example ranking
function can be provided as:

@G~ R W o(1,0)= R (Woor(1,6))

In some examples, the ranking function produces values
¢e[-1,1] with ¢~1 corresponding to a high cohesion, ¢~-1
describing a high correlation and ¢~0 indicating that there is
no significant difference.

In some implementations, the ranking functions ¢ are used
(e.g., by the knowledge learning component 106) to deter-
mine an overall ranking score ¢,,,(t) over all neighboring
entities as the arithmetic mean. An example overall ranking
score is provided based on the following relationship:

Pavg(l) = o1, ¢)

1
— X
| C(2) | ceCr)

The overall ranking score and a defined threshold (e.g.,
p,,£€[0,1]) can be used to represent the level of disparity
needed to make a decision as to whether to add an unknown
term as a specialization, as a new entity, or whether no deter-
mination can be made. In some implementations, a decision
function d(t) can be provided based on the following example
relationship:

specialization, if Qg (1) = +04

8(r) =< new utility, i Qavg (1) < —p1r

unknown, otherwise

In some examples, the threshold p,, can be defined or
manually adjusted (e.g., based on user input). In some
examples, the threshold p,, can be automatically determined
based on one or more accumulated sums of occurrence prob-
abilities. The value of the threshold determines the accuracy
of'the decision function d(t) output. For instance, a threshold
of'p,,~0 returns a decision with a risk to be wrong whenever
cohesion and correlation are closely resembled. Conversely, a
threshold of p,,~1 constitutes the most restrictive threshold,
where a decision can only be made if there is maximum
cohesion and minimum correlation, and vice versa.

Continuing with the example above (with respect to the
unknown term “Reporting”), an example threshold value
p,,=0.3 can be provided and the average ranking score and
decision value can be calculated as follows:

¢(Reporting, Employee)= 4 (1/4)- £ (2/4)=0.18-
0.5=-0.32

¢(Reporting, Line)= £ (3/4)- £ (2/4)=0.82-0.5=0.32

Pag(Reporting)=0—5(Reporting)=unknown

In the given example, although the cohesion for “Report-
ing” with “Line” and “Employee” is in fact divergent, the
result is mitigated because there are, two distinct entities
among the four ESSs.

In some implementations, compound terms can be ana-
lyzed. For example, terms between matched entities can
include one or more terms (e.g., ReceivedBulk), referred to as
compound terms. In some implementations, compound terms
may represent one or more derived terms or new entities. In
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some examples, all n-grams of compound terms are consid-
ered (e.g., t;=Received, t,=Bulk, and t;=Received Bulk) and
the ranking ¢,,(t;, ) is determined based on neighboring
matched entities (e.g., C_={Payment} and
C_={Notification}). The n-gram with the highest ranking is
saved and the remaining terms are left unknown. After a full
iteration over all signatures is completed, another iteration is
initiated to address the remaining unknown terms from the
previous iteration. Eventually, the process diverges such that
the number of unknown terms remains the same, such that no
further derived terms or new entities can be found.

Referring now to FIG. 5, the knowledge base can be
extended based on decisions as to whether one or more
unknown terms define new entities and/or specializations.
FIG. 5 depicts the example metadata graph 250 of FIG. 2B
including example extensions 502, 504. In some implemen-
tations, the metadata graph 250 corresponds to the ESS 300 of
FIG. 3 and replicates the known relationships between vari-
ous terms within the signature. The example extensions 502,
504 correspond to the unknown terms. In the depicted
example, it has been determined that the unknown term
“Reporting” has a high cohesion, but a low correlation with
the known term “Employee” Consequently, the term
“Reporting” is determined to be a specialization of the term
“Employee” and the metadata graph 250 is extended to
include the node 502, reflecting the specialization. In the
depicted example, it has been determined that the unknown
term “Bulk” has a low cohesion and high correlation with
both of the known terms “Notification” and “Payment.” Con-
sequently, the unknown term “Bulk” is identified as a new
entity related to the terms “Notification” and “Payment,” and
the metadata graph 250 is extended to include the node 504,
reflecting the new entity. The extended metadata graph 250 is
stored in the knowledge base (e.g., the KB 112) to improve
subsequent ES search results.

Automata generation can be executed (e.g., by the
automata generation component 108) to further extend the
knowledge base based on the unknown terms that have been
identified as specializations or new entities. More particu-
larly, an automata can be generated to describe naming con-
ventions of related ESS. In some implementations, all ESSs
that have been completely matched with the knowledge base
are referenced. For each ESS, a sequence of entities forming
the ES are retrieved and transitions between states of the
automata are defined. All entity sequences are consolidated
and optimized into a single automaton. Using the extended
knowledge base, new transitions for terms identified as spe-
cialization and new states are generated, corresponding to
new entities. An example automata generation is described
with reference to FIGS. 6 and 7.

FIG. 6 depicts an example automata 600 based on the
example ESS of FIG. 2A. In some implementations, if the
signature can be matched completely with the knowledge
base (before clustering) automata generation produces an
initial automata that can include, for example, one path hav-
ing q, as a start state 602, multiple transitions (604, 608, 612,
616 and 620), intermediate states (606,610, 614 and 618) and
g5 as an end state (622). For example, if the automata 600 is in
the start state q, (602) and the term Employee is detected as
being a business object (604), a transition to the following
state q,; (606) is triggered. Similarly, the automata 600 can
transition to the successive states until it reaches the end state
qs (622). For example, if the automata 600 is in the state q,
(610) and the term Notification is detected as being a business
object node (612), a transition to the following state g, (614)
is triggered. When the automata 600 reaches the end state g5
(622), the ESS is deemed to be compliant. An ESS is deemed
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to be compliant if the ESS complies to the design guidelines
and naming conventions defined as part of an applied gover-
nance process.

FIG. 7 depicts an extended automata 600" based on the
example automata 600 of FIG. 6. Example extensions based
on the example ESS 300 of FIG. 3 are included, as discussed
below. Using the extended knowledge base, a new transition
(702) is provided for the term Reporting Employee, which
was identified as a specialization, as discussed above. Insome
examples, if the automata 600’ is in the start state q, (602) and
the term Employee or the term Reporting Employee is
detected, a transition to the following state q; (606) is trig-
gered. Using the extended knowledge base, a new state q,'
(706) for the term Bulk is provided, which was identified as
being a new entity. A transition (704) from the state q, and a
transition (708) to the state q, (614) are provided. For
example, if the automata 600’ is in the state q, (610) and the
term Bulk is detected, the transition (704) to the new state q,'
(706) is triggered. If the automata 600’ is in the state q, (610)
or the state q,' (706) and the term Notification is detected, a
transition to the state q; (614) is triggered. If the extended
automata 600' reaches the end state q5 (622), the ESS is
deemed to be compliant.

FIG. 8 depicts an example process 800 that can be executed
in implementations of the present disclosure. In some imple-
mentations, the example process 800 can be provided using
one or more computer programs executed using one or more
computing devices.

A signature (ESS) is received (802). For example, the
signature segmentation component 102 of FIG. 1 can receive
a signature of the ES repository 110. The signature is seg-
mented (804). For example, the signature segmentation com-
ponent 102 can process the signature to identify known terms
(e.g., already existing in the knowledge base) and unknown
terms. If unknown terms are provided, known terms are
removed (806). For example, the signature segmentations
component 102 only provides the known terms as output. The
unknown terms are clustered (808). For example, the term
clustering component 104 of FIG. 1 can receive the unknown
terms from the signature segmentation component 102 and
can perform term clustering based on cohesion and correla-
tion values, as discussed in detail above. In some implemen-
tations, in order to make accurate decisions about unknown
terms based on cohesion and correlation values, ranking fac-
tors are determined (810). It is determined whether one or
more of the unknown terms is identified as a specialization or
a new entity (812). For example, the term clustering compo-
nent 104 can identify unknown terms as specializations or
new entities based on the ranking functions, as discussed in
detail above. If one or more unknown terms have been iden-
tified as a specialization or a new entity, the knowledge base
is extended based on the unknown terms (814). In some
examples, the knowledge learning component 106 of FIG. 1
extends the knowledge base by, for example, adding new
nodes to an associated metadata graph, each new node repre-
senting a new entity or a specialization associated with an
unknown term. An automata is generated based on the new
entity(ies) and/or specialization(s) (816). For example, the
automata generation component 108 of FIG. 1, generates an
extended automata, as discussed above with reference to
FIGS. 6 and 7.

Referring now to FIG. 9, a schematic diagram of an
example computing system 900 is provided. The system 900
can be used for the operations described in association with
the implementations described herein. For example, the sys-
tem 900 may be included in any or all of the server compo-
nents discussed herein. The system 900 includes a processor
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910, a memory 920, a storage device 930, and an input/output
device 940. Each of the components 910, 920, 930, and 940
are interconnected using a system bus 950. The processor 910
is capable of processing instructions for execution within the
system 900. In one implementation, the processor 910 is a
single-threaded processor. In another implementation, the
processor 910 is a multi-threaded processor. The processor
910 is capable of processing instructions stored in the
memory 920 or on the storage device 930 to display graphical
information for a user interface on the input/output device
940.

The memory 920 stores information within the system 900.
In one implementation, the memory 920 is a computer-read-
able medium. In one implementation, the memory 920 is a
volatile memory unit. In another implementation, the
memory 920 is a non-volatile memory unit. The storage
device 930 is capable of providing mass storage for the sys-
tem 900. In one implementation, the storage device 930 is a
computer-readable medium. In various different implemen-
tations, the storage device 930 may be a floppy disk device, a
hard disk device, an optical disk device, or a tape device. The
input/output device 940 provides input/output operations for
the system 900. In one implementation, the input/output
device 940 includes a keyboard and/or pointing device. In
another implementation, the input/output device 940 includes
a display unit for displaying graphical user interfaces.

The features described can be implemented in digital elec-
tronic circuitry, or in computer hardware, firmware, software,
or in combinations of them. The apparatus can be imple-
mented in a computer program product tangibly embodied in
an information carrier, e.g., in a machine-readable storage
device, for execution by a programmable processor; and
method steps can be performed by a programmable processor
executing a program of instructions to perform functions of
the described implementations by operating on input data and
generating output. The described features can be imple-
mented advantageously in one or more computer programs
that are executable on a programmable system including at
least one programmable processor coupled to receive data
and instructions from, and to transmit data and instructions to,
a data storage system, at least one input device, and at least
one output device. A computer program is a set of instructions
that can be used, directly or indirectly, in a computer to
perform a certain activity or bring about a certain result. A
computer program can be written in any form of program-
ming language, including compiled or interpreted languages,
and it can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, or other unit
suitable for use in a computing environment.

Suitable processors for the execution of a program of
instructions include, by way of example, both general and
special purpose microprocessors, and the sole processor or
one of multiple processors of any kind of computer. Gener-
ally, a processor receives instructions and data from a read-
only memory or a random access memory or both. The essen-
tial elements of a computer are a processor for executing
instructions and one or more memories for storing instruc-
tions and data. Generally, a computer also includes, or is
operatively coupled to communicate with, one or more mass
storage devices for storing data files; such devices include
magnetic disks, such as internal hard disks and removable
disks; magneto-optical disks; and optical disks. Storage
devices suitable for tangibly embodying computer program
instructions and data include all forms of non-volatile
memory, including by way of example semiconductor
memory devices, such as EPROM, EEPROM, and flash
memory devices; magnetic disks such as internal hard disks
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and removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks. The processor and the memory can be
supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

To provide for interaction with a user, the features can be
implemented on a computer having a display device such as a
CRT (cathode ray tube) or LCD (liquid crystal display) moni-
tor for displaying information to the user and a keyboard and
apointing device such as a mouse or a trackball by which the
user can provide input to the computer.

The features can be implemented in a computer system that
includes a back-end component, such as a data server, or that
includes a middleware component, such as an application
server or an Internet server, or that includes a front-end com-
ponent, such as a client computer having a graphical user
interface or an Internet browser, or any combination of them.
The components of the system can be connected by any form
or medium of digital data communication such as a commu-
nication network. Examples of communication networks
include, e.g., alLAN, a WAN, and the computers and networks
forming the Internet.

The computer system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a network, such as the described
one. The relationship of client and server arises by virtue of
computer programs running on the respective computers and
having a client-server relationship to each other.

In addition, the logic flows depicted in the figures do not
require the particular order shown, or sequential order, to
achieve desirable results. In addition, other steps may be
provided, or steps may be eliminated, from the described
flows, and other components may be added to, or removed
from, the described systems. Accordingly, other implemen-
tations are within the scope of the following claims.

A number of implementations of the present disclosure
have been described. Nevertheless, it will be understood that
various modifications may be made without departing from
the spirit and scope of the present disclosure. Accordingly,
other implementations are within the scope of the following
claims.

What is claimed is:

1. A computer-implemented method for extending a
knowledge base, the method being executed using one or
more processors and comprising: receiving an enterprise ser-
vice signature (ESS) associated with an enterprise
service (ES), the ESS being stored in a computer-readable
repository, the ES comprising a callable service that provides
business functionality, the ESS identifying the ES and com-
prising a concatenation of terms and a notation; segmenting,
by the one or more processors, the ESS based on the notation
to provide a segmented ESS comprising an array of terms;
comparing, by the one or more processors, terms of the array
of terms to metadata of a taxonomic scheme, the metadata
comprising one or more neighboring entities of a respective
term in the array of terms; identifying, by the one or more
processors and based on the comparing, one or more known
terms and one or more unknown terms from the segmented
ESS, the one or more known terms matching the taxonomic
scheme and the one or more unknown terms not being asso-
ciated with the taxonomic scheme; determining, by the one or
more processors, that at least one unknown term of the one or
more unknown terms comprises at least one of a specializa-
tion and a new entity based on combining a cohesion value
and a correlation value, the cohesion value being based on a
number of times the at least one unknown term is used with
one of the one or more known terms and the correlation value
being based on a number of times the at least one unknown
term is
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used with other known terms; and extending, by the one or
more processors, the knowledge base in view of the at least
one of the specialization and the new entity.

2. The method of claim 1, wherein determining that the at
least one unknown term comprises at least one of a special-
ization and a new entity comprises:

determining one or more relationship measures associated

with the at least one unknown term; and

identifying the at least one unknown term as a specializa-

tion or a new entity.

3. The method of claim 2, wherein the relationship mea-
sures comprise the cohesion value and the correlation value.

4. The method of claim 2, wherein the relationship mea-
sures are each determined based on known terms associated
with one or more other ESSs.

5. The method of claim 3, wherein identifying the at least
one unknown term as a specialization or a new entity com-
prises:

combining the cohesion value and the correlation value

into a single score based on a ranking function; and
comparing the single score to one or more threshold scores,

wherein whether the at least one unknown term is a

specialization or a new entity is based on the comparing.

6. The method of claim 5, wherein combining the cohesion
value and the correlation value into a single score is further
based on a kernel function, the kernel function providing an
approximation of ranking behavior.

7. The method of claim 1, wherein extending the knowl-
edge base comprises appending one or more nodes to a meta-
data graph associated with the ES.

8. The method of claim 1, wherein extending the knowl-
edge base comprises automatically generating an automata
based on the at least one unknown term, the automata repre-
senting a naming convention of an ES.

9. The method of claim 8, wherein the at least one unknown
term is a specialization and automatically generating the
automata comprises appending a new transition to a pre-
defined automata.

10. The method of claim 9, wherein the new transition is
appended to be parallel to an existing transition provided in
the pre-defined automata.

11. The method of claim 8, wherein the at least one
unknown term is a new entity and automatically generating
the automata comprises appending a new state and one or
more associated transitions to a pre-defined automata.

12. The method of claim 11, wherein the new state is
appended to be serial to one or more existing states provided
in the pre-defined automata.

13. A non-transitory computer-readable storage medium
coupled to one or more processors and having instructions
stored thereon which, when executed by the one or more
processors, cause the one or more processors to perform
operations for extending a knowledge base, the operations
comprising: receiving an enterprise service signature (ESS)
associated with an enterprise service (ES), the ESS being
stored in a computer-readable repository, the ES comprising
a callable service that provides business functionality, the
ESS identifying the ES and comprising a concatenation of
terms and a notation; segmenting the ESS based on the nota-
tion to provide a segmented ESS comprising an array of
terms; comparing terms of the array of terms to metadata of a
taxonomic scheme, the metadata comprising one or more
neighboring entities of a respective term in the array of terms;
identifying based on the comparing, one or more known
terms and one or more unknown terms from the segmented
ESS, the one or more known terms matching the taxonomic
scheme and the one or more unknown terms not being asso-
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ciated with the taxonomic scheme; determining that at least
one unknown term of the one or more unknown terms com-
prises at least one of a specialization and a new entity based on
combining a cohesion value and a correlation value, the cohe-
sion value being based on a number of times the at least one
unknown term is used with one of the one or more known
terms and the correlation value being based on a number of
times the at least one unknown term is used with other known
terms; and extending the knowledge base in view of the at
least one of the specialization and the new entity.

14. A system, comprising: a computing device; and a com-
puter-readable storage device coupled to the computing
device and having instructions stored thereon which, when
executed by the computing device, cause the computing
device to perform operations for extending a knowledge base,
the operations comprising: receiving an enterprise service
signature (ESS) associated with an enterprise service (ES),
the ESS being stored in a computer-readable repository,
the ES comprising a callable service that provides business
functionality, the ESS identifying the ES and comprising a
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concatenation of terms and a notation; segmenting the ESS
based on the notation-to provide a segmented ESS compris-
ing an array of terms; comparing terms of the array of terms
to metadata of a taxonomic scheme, the metadata comprising
one or more neighboring entities of a respective term in the
array of terms; identifying based on the comparing, one or
more known terms and one or more unknown terms from the
segmented ESS, the one or more known terms matching the
taxonomic scheme and the one or more unknown terms not
being associated with the taxonomic scheme; determining
that at least one unknown term of the one or more unknown
terms comprises at least one of a specialization and a new
entity based on combining a cohesion value and a correlation
value, the cohesion value being based on a number of times
the at least one unknown term is used with one of the one or
more known terms and the correlation value being based on a
number of times the at least one unknown term is used with
other known terms; and extending the knowledge base in
view of the at least one of the specialization and the new
entity.



